A substantial number of spontaneous bacterio-opsin mutants of
INTRODUCTION
Bacterio-opsin complexed with the chromophore retinal acts as a light driven proton pump in the purple membrane of Halobacterium haloblum (1) .
Depending on growth conditions, the cellular concentration of bacterio-opsin varies four to five fold (2) , and at low oxygen tension the purple membrane can comprise up to 501 of the total cell surface (3, 4) . The gene which encodes bacterio-opsin (bop gene) has been cloned, the nucleotide sequence of the gene and neighboring sequences determined and its mRNA characterized (5, 6, 7, 8) . Mutants that overproduce purple membrane and bacterio-opsin have been isolated (e.g. H. halobium S9 and ET1001) (9) but the molecular basis of the mutation(s) is not known. Bacterio-opsin deficient mutants (Bop ) occur spontaneously In li. halobium with high frequencies (10) . We have characterized 33 such mutants, 31 of which are caused by insertion elements (6, 11, 12) . About two-thirds of these insertions occur within the bop gene and one-third integrate at positions up to 1400 base pairs (bp) upstream of the bop coding region. This latter finding is of Interest since <te novo synthesis of bop mRNA initiates only 2 nucleotides upstream of the bop coding region (8) . In this paper we present evidence for a gene upstream of the bop gene which is involved in the expression of bacterio-opsin or the formation of the purple membrane. About 1800 bp of nucleotide sequence upstream of the bop gene have been determined. There are open reading frames (ORFs) in both orientations, but RNA transcripts corresponding to only one ORF can be detected. This latter ORF is oriented in a direction opposite to the bop gene and correlates with the distribution of insertion events upstream of the bop gene in Bop mutants.
MATERIALS AND METHODS

Materials:
Reverse transcriptase (RNA-dependent DNA polymerase) from Avian pentadecamer primer (5' CCCAGTCACGACGTT 3') was a gift from Genentech Inc.
RNAsin was from Promega Biotec (Madison, WI). Other enzymes were obtained as described previously (6, 11, 12) .
Mutants and Strains: All halobacterial mutants and strains used and their growth conditions have been reported (6, 11, 12) .
DNA Sequence Analysis: DNA sequences were determined by the methods of Maxam and Gilbert (13) or Sanger et_ aU (14) . Labeling of DNA at the 3' terminus was done as described (15) .
Isolation of Single-Stranded DNA Probes: Single-stranded DNA probes were prepared from a 1103 bp BamHI fragment upstream of the bop gene as follows.
The fragment was cloned into M13mp8 and recombinant single-stranded phage DNA of both orientations was prepared (16) . The single-stranded DNA of each orientation (1 pmole) and M13 primer (6 pmoles) were heated in sealed capillary tubes at 100*C for 3 min and annealed at 65*C for >15 min in 50 mM NaCl, (Fig. 2, lanes 1 and 2) . Hybridization was observed only with the nucleotides and encompasses all of the insertion events upstream of the bop gene which result in the Bop" phenotype ( Fig. 1, 3 ) (6, 11, 12) . Based on these observations, we propose that this ORF is a gene whose product is somehow associated with the expression of bacterio-opsin or purple membrane formation. We designate this putative gene brp (bacterio-opsin-r_elated £rotein gene).
Characterization of the brp transcript
Northern analysis suggested that the brp transcript is heterogeneous (Fig. 2, lane 1) . However, SI nuclease protection mapping with RNA from wild type and purple membrane overproducer strain ET1001, indicated that the In the center lane is the cDNA product made by extension from an Avall/Nael fragment primer (see Fig. 3 ) and ET1001 total RKA. Flanking the cDNA is a nucleotide sequence ladder obtained by the chain termination method with the same DNA primer and single-stranded DNA template from the area of interest. Pertinent sequence from this area is bracketed on the right illustrating that the cDNA terminates at the T residue marked by an asterisk. Thus the 5' terminus of the transcript begins AUGAGCAAUA... (B) cDNA sequence. An extension reaction similar to the cDNA synthesis was performed in the presence of chain terminators (see Materials and Methods). Sequence obtained corresponds to that of (A) and terminates in all four lanes at the position labeled "stop."
terminus of the transcript, cDNA was synthesized using an 86 bp Avall-Nael DNA fragment (see Fig. 3 ) as a primer for reverse transcriptase with ET1001 total RHA. The cDNA products were fractionated on an acrylamide urea gel (Fig. 4A) . The largest significant cDNA product displayed an extension to the T nucleotide complementary to the A residue of the second in phase methionine codon of the ORF (Fig. 1) . This result was confirmed by cDNA nucleotide sequence analysis using chain terminators and reverse transcriptase with the 86 bp primer and total RNA as template (Fig. 4B) .
The apparent heterogeneity of the brp transcript in formaldehyde agarose gels (Fig. 2, lane 1) is more extensive than is the case for the bop mRNA which consists of at least two mRNA subspecies with different 3' termini (Fig. 2, lane 4) (8) . Most of the brp RNA population migrated at approximately the same position or more slowly than would be expected of an mRNA 
